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regulate transcription factors that suppress organizer gene expression
in ventrolateral domains. Wnt8 signaling from ventrolateral mesen-
doderm also is responsible for positioning the otx2/gbx interface that
establishes the midbrainhindbrain boundary organizer. Despite its
critical position in the genetic hierarchy controlling embryonic axis
patterning, the factors responsible for regulating wnt8 expression and
activity are not understood. To address this, we are using the zebrafish
to identify transcriptional and post-transcriptional mechanisms that
regulate wnt8 expression. We have identified enhancers responsible
for wnt8 transcriptional initiation and maintenance. Intriguingly, we
have found that elements involved in wnt8 transcriptional main-
tenance are present in the wnt8 3′ UTR that is required for wnt8 post-
transcriptional regulation. Our results show that wnt8 expression is
tightly regulated at multiple levels by a complex mechanism.
doi:10.1016/j.ydbio.2009.05.128
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Mesoderm induction is an early and critical event in vertebrate
embryogenesis, and in this studywe report that ING2plays an essential
role in Xenopus mesoderm induction by participating in various
signaling pathways. ING2 belongs to the ING (Inhibitor of Growth)
family, whose members influence a variety of cellular processes,
including cell growth arrest, cellular senescence, apoptosis and DNA
repair in organisms ranging from yeast to human. They share a PHD
(Plant homeodomain) region which regulates chromatin activity
status to control gene expression. ING2 is known to regulate TGFβ-
response transcription by forming complexes with SnoN and Smad2.
The over-expression of ING2 in ventral mesoderm induces a posterior
secondary axis and in dorsal mesoderm causes gastrulation defects. In
developing Xenopus embryos, the ING2 gene ismaternally expressed in
the egg and persisted through gastrula, and then its expression is
limited to the head and body axis from neurula to tadpole. Gene
knockdown assays with an antisense Morpholino Oligo targeting
endogenous ING2 mRNA inhibit mesoderm induction and cause
defects in head and gut formation. Overexpression of ING2 in animal
cap explants enhances bothNodal and BMPpathways, and knockdown
of ING2 shows that it is required for BMP, Nodal and FGF pathways,
each of which affects mesoderm induction in developing embryos.
doi:10.1016/j.ydbio.2009.05.129
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To date, at least 7 Mix-like and 6 Nodal-related TGF-β superfamily
genes have been isolated from Xenopus laevis. TGF-β superfamily
genes, in particular those of the activin/nodal family, play an
important role in the formation of the mesoderm and endoderm,
the specification of leftright asymmetry and the maintenance of
embryonic stem cell pluripotency. We are particularly interested in
the formation of the mesoderm and endoderm, a subset of which, the
mesendoderm, expresses markers of both endoderm and mesoderm
and may have the potential to develop into either germ layer. In the
early gastrula, Nodal signalling is active throughout the mesendo-
derm, inducing Brachyury and the Mix-like genes which function, in
part, to separate the mesoderm from the endoderm. Although the
Nodal andMix families are large in Xenopus, there is only oneMix-like
and one Nodal gene in the human and mouse genomes. We reasoned
the increase in gene number in Xenopus to be the consequence of
subfunctionalisation. Following this logic, we predicted a simplified
network and have tested its existence in the urodele amphibian, the
axolotl. Here we demonstrate that a simplified gene regulatory
network for mesendoderm induction does exist in the axolotl and
reveal a novel role for Mix in the regulation of Brachyury.
doi:10.1016/j.ydbio.2009.05.130
Program/Abstract # 110
Interactions between Bmp and Nodal signaling regulate
endoderm specification and patterning in Xenopus
Andrea E. Willsa, Kari Dickinsonb, Mustafa K. Khokhac,d,
Julie C. Bakerb, Richard M. Harlanda
aDepartment of Molecular and Cell Biology, University of California,
Berkeley, CA, USA
bDepartment of Genetics, Stanford University, Stanford, CA, USA
cDepartment of Pediatrics, Yale University, New Haven, CT, USA
dDepartment of Genetics, Yale University, New Haven, CT, USA
The vertebrate endoderm is an essential tissue type, giving rise to
such structures as the gut, liver, and pancreas, but relative to
mesodermal and ectodermal derivatives, the signaling events that
initially specify and pattern the endoderm are not well understood.
While the Nodal family of TGF-β ligands is known to play an essential
role in endoderm specification, a role for the Bmp family has not been
carefully investigated. We have found that Bmp signaling compo-
nents are expressed at the right time and place to participate in
endoderm specification, and that overexpression of Bmp ligands can
induce markers of ventrolateral, but not dorsal endoderm. In embryos
depleted of Bmp ligands, dorsal endoderm markers are expressed
normally, but ventrolateral endoderm gene expression is depleted.
We found that this Bmp-mediated induction of endoderm depends
on Nodal signaling, and that Bmp overexpression induces expression
of Nodals. Finally, we find that Bmp redirects Nodal-induced
endoderm to a ventrolateral fate, and that the dorsally-expressed
Bmp ligand ADMP is required to restrict the prospective dorsal
endoderm domain. Taken together, these data support a model for
endoderm specificationwherein Bmp signaling plays an essential role
in specifying endoderm by acting upstream of Nodal signaling to
induce endoderm gene expression, and directs early dorsal/ventral
patterning within the endoderm by repressing dorsal fates.
doi:10.1016/j.ydbio.2009.05.131
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The development of leftright (LR) asymmetry is an integral part of
the organization of the body plan. The asymmetric expression of
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